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[57] ABSTRACT

A data communication system in which parameter values for

data communication can be set at optimum values for data
errors. When receiving data formed in a frame structure, the
receiving terminal finds the number of errors 1n the received
data. When failing to detect the number of errors, it calcu-
lates an approximation of the number of errors from a past
error rate. The receiving terminal also calculates an error
rate on the basis of the number of errors or the approxima-
tion therefor and informs the calculated error rate to a
transmitting terminal. The transmitting terminal changes the
set values of parameters including frame length of data of
the frame structure to be transmitted on the basis of the
informed error rate. The receiving terminal finds the number
of burst errors generated within the received data, calculates
a random error number by subtracting the burst error number
from the total error number, and informs the fransmitting
terminal of the random error number, while the transmitting
terminal changes the set values of parameters including
frame length of the frame-structured data to be transmitted
on the basis of the informed random error number.

32 Claims, 10 Drawing Sheets
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DATA COMMUNICATION SYSTEM,
APPARATUS AND METHOD WHICH
OPTIMIZE THE SET VALUE OF
PARAMETERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data communication
system which performs communication by transmitting and
receiving data formed in a frame structure, and more
particularly, to a data communication system capable of
changing the set values of parameters including the number
of continuous transmission frames and the length of a data
frame in response to errors in data communication and also
to a method employed in the system.

2. Description of the Related Art

It is known that, in a data communication system which
performs communication by transmitting and receiving data
of a frame structure, the communication speed is theoreti-
cally maximum when by employing a data frame length
corresponding to an error rate on a communication line, thus
enabling efficient data communication.

To this end, the prior art data communication system is
designed to detect the number of errors occurred in a data

frame with the use of an error correction code and calculate -

an error rate on a communication line based on the detected
number of errors, and to change the set values of parameters

including data frame length according to the calculated error
rate.

However, the number of errors correctable with the error
correction code are limited by the error correcting ability of
the error correction code. Accordingly, the prior art data
communication system has had a problem that, when the
number of errors occurred in the data frame exceeds the
error correction ability of the error correction code, it is not
only impossible to correct the errors but also impossible to
find the number of such errors. As a result, it is impossible
to change the values of parameters including data frame
length into appropriate ones.

Also known 1n this type of data communication system is
that there are two types of data errors; burst errors which
generate in concentrated manner in certain periods and
random errors which generate regularly.

In the prior art data communication system, when the
burst errors were generated, the values of parameters includ-
ing data frame length were changed based on the burst
errors. As a result, it was impossible to optimize the param-
eters.

SUMMARY OF THE INVENTION

It 1s a first object of the present invention to provide data
communication system and method capable of setting the
optimum values of parameters even when the number of
errors generated cannot be detected due to inferior error
correction ability of the error correction code, etc.

A second object of the present invention is to provide a
data communication system and method capable of setting

appropriate values of parameters independent of a burst
error when the burst error occurs.

In accordance with an aspect of the present invention, the
above objects are attained by providing a data communica-
tion system comprising a transmitting terminal for transmit-
ting data of a frame structure, and a receiving terminal
connected to the transmitting terminal through a communi-
cation line, for receiving the frame-structured data from the
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2

transmitting terminal, the receiving ferminal comprising
error number detection means for detecting the number of
data errors from the frame-structured data received from the
transmitting terminal; and error number estimation means
for estirnating the number of data errors when the error
number detection means fails to detect the number of data
errors, and the transmitting terminal comprising parameter
change means for changing parameters of the frame-
structured data on the basis of the detected number of data
errors when the error number detection means detects the

number of data errors or on the basis of the number of data
errors estimated by the error number estimation means when

the error number detection means fails to detect the number
of data errors.

In the present invention, the communication line may be
radio communication channels.

The error number estimation means estimates the number
of data errors on the basis of an error rate of data previously

received when the error number detection means fails to
detect the number of data errors.

The error number estimation means comprises error rate
memory means for storing an ermror rate of data previously
received; and error number estimation means for estimating
the number of data errors on the basis of the error rate of the
previously-received data stored in the error number memory

means when the error number detection means fails to detect
the number of data errors.

The receiving terminal further comprises error rate cal-
culation means for calculating the error rate on the basis of
the detected number of data errors when the error number
detection means detects the number of data errors, and for
calculating the data error rate on the basis of the number of
data exrors estimated by the error number estimation means
when the error number detection means fails to detect the
number of data errors; and error rate transmission means for
transmitting the data error rate calculated by the error rate

- calculation means to the transmitting terminal, and wherein

the parameter change means comprising means for changing
parameters of data to be transmitted on the basis of the error

rate of the data transmitted from the error rate transmission
means.

The receiving terminal further comprises error rate cal-
culation means for calculating the data error rate on the basis
of the number of data errors when the error number detection
means detects the number of data errors, and for calculating
the data error rate on the basis of the number of data errors
estimated by the error number estimation means when the
error number detection means fails to detect the number of
data errors; parameter calculation means for calculating
parameter values of data of the frame structure to be
transmitted from the transmitting terminal on the basis of the
data error rate calculated by the error rate calculation means;
and parameter transmission means for transmitting the
parameter values calculated by the parameter calculation
means to the transmitting terminal, and wherein the param-
eter change means comprises means for changing param-
eters of data to be transmitted from the transmitting terminal
on the basis of the parameter values transmitted from the
parameter transmission means.

The error number -detection means comprises random
error detection means for detecting the number of random,

errors excluding burst errors from the frame-structured data

received from the transmifting terminal, and wherein the

parameter change means comprises means for changing
parameters of data of the frame structure to be transmitted on
the basis of the random error aumber detected by the random
error detection means.
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In this case, the random error detection means comprises
total error number calculation means for calculating a total
error number from the frame-structured data received from
the transmitting terminal; burst error calculation means for
calculating the number of burst errors from the frame-
structured data received from the transmitting terminal; and
random error calculation means for calculating the random
error number by subtracting the burst error number detected
by the burst error number calculation means from the total
error number calculated by the total error number calcula-
tion means.

The burst error number calculation means detects start of

10

burst error when a predetermined number of error bits are

successively detected in the frame-structured data received
from the transmitting terminal, detects end of the burst error
when a predetermined number of correct bits in the frame-
structured data successively detected, and determines the
number of error bits within a duration from the start of burst
error to the end of the burst error as the burst emror number.

In accordance with another aspect of the present
invention, a data communication system comprises a trans-
mitting terminal for transmitting data of a frame structure,
and a receiving terminal connected to the transmitting
terminal throngh a communication line, for receiving the
frame-structured data from the transmitting terminal, the
receiving terminal comprising random error detection means
for detecting random errors excluding burst errors from the
frame-structure data received from the transmitting terminal,
the transmitting terminal comprising parameter change
means for changing parameters of data of the frame structure
to be transmitted on the basis of the random errors detected
by the random error detection means of the receiving
terminal.

The communication line may be radio communication
channels.

Further, the random error detection means comprises total
error number calculation means for calculating a total error
number from the frame-structured data received from the
transmitting terminal burst error calculation means for cal-
culating the number of burst errors from the frame-
structured data received from the transmitting terminal; and
random error calculation means for calculating the random
error number by subtracting the burst error number detected
by the burst error number calculation means from the total
error number calculated by the total error number calcula-
tion means.

The burst error number calculation means detects start of
burst error when a predetermined number of error bits are
successively detected in the frame-structured data received
from the transmitting terminal, detects end of the burst error
when a predetermined number of correct bits in the frame-
structured data successively detected, and determines the
number of error bits within a duration from the start of burst
error to the end of the burst error as the burst error number.

The receiving terminal further comprises burst error num-
ber transmission means for transmitting the burst error
number calculated by the random error number calculation
means to the transmitting terminal, and wherein the param-
eter change means comprises burst error number reception
means for receiving the burst error number transmitted by
the burst error number transmission means; parameter cal-
culation means for calculating parameter values of data of
the frame structure transmitted from the transmitting termi-
nal on the basis of the burst error number received by the

burst error number reception means; and change means for

changing parameters of the frame-structured data transmit-
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ted by the transmitting terminal on the basis of the parameter
values calculated by the parameter calculation means.

Furthermore, the receiving terminal further comprises
parameter calculation means for calculating parameter val-
ues of data of the frame structure transmitted from the
transmitting terminal on the basis of the burst error number
calculated by the random error number calculation means;
and parameter transmission means for transmitting the
parameter values calculated by the parameter calculation
means to the transmitting terminal, and wherein the param-
eter change means comprises means for changing the param-
eters of the frame-structured data transmitted from the

transmitting terminal on the basis of the parameter values
transmitted by the parameter transmission means. |

In accordance with a further aspect of the present
invention, a data communication method in a data commu-
nication system for performing communication of data of a
frame structure between a first terminal of a data transmitter
side and a second terminal of a data receiver side through a
communication line comprises in the first terminal, the steps
of detecting the number of data errors in the frame-
structured data transmitted from the transmitting terminal;
and estimating the number of data errors from an error rate
of data previously received when the number of data errors
is not detected, and comprises, in the second terminal, the
step of changing parameters of data of the frame structure to
be transmitted on the basis of the detected number of data

 errors when the number of data errors is detected by the
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receiving terminal and on the basis of the estimated number
of data errors when the number of data errors is not detected
by the receiving terminal.

In accordance with yet further aspect, a data communi-
cation method in a data communication system for perform-
ing communication of data of a frame structure between a
first terminal of a data transmitter side and a second terminal
of a data receiver side through a communication line,
comprises the steps of detecting a random error number by

subtracting the number of burst errors generated on a burst
basis from the total number of errors generated in the
frame-structured data transmitted from the transmitting ter-
minal in the second terminal; and changing parameters of
the frame-structured data on the basis of the random error
number detected at the second terminal in the first terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram of a data communication system
in accordance with the present invention;

FIG. 2 is a block diagram of an error controller in a
receiving terminal of the data communication system in
FIG. 1;

FIG. 3 shows an example of the structure of a frame
generated by the data frame generator of the error controller
in FIG. 2;

FIG. 4 is a block diagram of the error number detector of
the error controller in FIG. 2;

'FIG. 5 is a block diagram of the approximation calculator
of the error controller in FIG. 2;

FIG. 6 is a block diagram of the error rate buffer of the
error controller in FIG. 2;

FIG. 7 shows an example of data errors generated in a
communication line;

FIG. 8 shows another example of the data errors generated
in the communication line;

FIG. 9 is a flowchart illustrating an example of the
random error number detecting steps preformed by the error
number detector;
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FIG. 10 is a sequence chart illustrating the operation of
another embodiment of the present invention in which the
receiving terminal detects a random error number and trans-
mits the detected random error number to the transmitting
terminal to change the set values of parameters in data of a

frame structure to be transmitted from the transmission side
terminal; and

FIG. 11 is a sequence chart illustrating the operation of yet
another embodiment of the present invention in which the
receiving terminal obtains the values of parameters and
informs the transmitter side of the obtained found parameter
values.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments of the present invention will be
described while referring to the accompanying drawings.

Referring to FIG. 1, the data communication system
includes a transmitting terminal 100 and areceiving terminal
200 connected to the transmitting terminal 100 through radio
communication channels as a communication line.

The transmitting teriminal 100 has a data memory 10, an
error controller 11, a data communication protocol circuit
12, a communication controller 13, a device controller 14,
and a radio circuit 15.

In the illustrated example, the data memory 10 stores data
to be transmitted to the receiving terminal 200. The data
stored in the data memory 10 include voice data input from
a microphone (not shown) or the like and data input from
external devices (not shown).

In transmitting the data stored in the data memory 10 to
the receiving terminal 200, the error controller 11 performs
controlling operations in which an error correction code is
generated and attached to the data.

The data communication protocol circuit 12 performs
framing operations and executes a predetermined commu-
nication procedure to transmit the data attached with the
error correction code by the error controller 11. In this
example, the data communication protocol circuit 12 is so
constructed as to change the set values of parameters includ-
ing the number of frames successively transmitted and data
Irame length. For the purpose of accomplishing the optimum
communication environment, the data communication pro-
tocol circuit 12 changes the set values of parameters accord-
ing to the error rate, the number of errors, parameter values,
etc. informed by the receiving terminal 200, which will be
described later in detail.

The communication controller 13 controls the radio cir-
cuit 15 in such a manner as to establish a radio link with the
receiving terminal 200 and, in terminating the data
communication, to disconnect the established radio link
from the receiving terminal 200,

The device controller 14 carries out control operations
over the entire transmitting terminal 104.

The receiving terminal 200, on the other hand, has a data
memory 20, an error controller 21, a data communication
protocol circuit 22, a communication controller 23, a device
controller 24, and a radio circuit 25.

In the illustrated example, the data memory 20 stores data
received from the transmitting terminal 100. The data stored
in the data memory 20 include voice data which is to be
transmitted to a loudspeaker (not shown) and other data
which is to be transmitted to oufput devices (not shown).

The error controller 21 performs error correcting and
detecting operations based on the error correction code
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6

attached by the error controller 11 of the transmitting
terminal 100. The error controller 21 also performs detection
and estimation of the number of errors, and calculation of an
error rate, the number of errors, parameter values, etc. to be
informed to the transmitting terminal 100, which will be
detailed later.

The data communication protocol circuit 22 carries out
frame analysis of the received data, generation of frames for
the received data, execution of the predetermined commiui-
nication procedure.

The communication controller 23 controls the radio cir-
cuit 25 in such a manner as to establish a radio link with the
transmitting terminal 100 and, in terminating the data
communication, to disconnect the radio link from the receiv-
ing terminal 200.

The device controller 24 performs general control opera-
tions over the receiving terminal 200.

Shown in FIG. 2 is a detailed structure of the error
controller 21 in the receiving terminal 200 of FIG. 1.

In the receiving terminal 200, the data received at the
radio circuit 25 from the transmitting terminal 100 is sent to
the data communication protocol circuit 22, which in turn
analyzes the received data and generates the same data
frame as that generated at the error controller of the trans-
mitting terminal 100.

Data frame 300 is generated by a data frame generator 2
provided in the data communication protocol circuit 22.

The data frame 300 is made up of a flag field 301, a

control field 302, a data field 303 and an ECC field 304, as
shown in FIG. 3.

More specifically, the data frame generator 2 sets a bit
train indicative of the head of the data frame at the flag field
301, and sets a bit train indicative of control information on
data communication at the control field 302. The data frame
generator 2 also sets a bit train 1ndicative of actnal infor-
mation at the data field 303, and sets a bit train or error
correction code for use of error control at the ECC field 304.

The data frame generator 2 outputs the generated data
frame 300 to an error number detector 3 of the ermor
controller 21 while finding the number of received data (data
frame length) from the data frame 300 and stores it in a
received data number buffer 8. |

The error number detector 3, when receiving the data
frame 300, performs error correcting operations over the
data frame 300 with use of the error correction code set at
the ECC field 304, When finding the number of errors as a
result of the error correcting operation, the error number

detector 3 stores the found numbcr of errors into an error
number buffer 4.

When failing to find the number of errors, the error
number detector 3 issues a request to an approximation

calculator 7 to cause the calculator to calculate an approxi-
mation of the number of errors.

The approximation calculator 7, when receiving the
request, calculates an approximation of the number of errors
present within the data frame 300 on the basis of an
immediately previous error rate on the communication line
stored in an error rate bufter 6 and of the number of received
data (data frame length) of the data frame 300 stored in a
received data number buffer 8. The approximation calculator
7 then stores the calculated value as an approximation of the
number of errors into the error number bufter 4.

When the number of errors is stored in the error number
buffer 4, an error rate calcunlator 5 calculates an error rate on
the communication line on the basis of the error number of
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the error number buffer 4 and the number of received data
(data frame length) of the data frame 300 stored in the
received data number buffer 8. Then, the calculated error
rate 1s stored into the error rate buffer 6.

In this connection, the error rate on the communication
line can be calculated by dividing the number of errors by
the number of received data.

After the error rate on the communication line is stored in
the error rate buffer 6, the data communication protocol
circuit 22 transmits the error rate to the transmitting terminal
100 via the radio circuit 25.

In the transmitting terminal 100, the radio circuit 15
receives the error rate, and the data communication protocol
circuit 12 changes the set values of parameters such as the
data frame length, corresponding to the error rate on the
communication line. Thereafter, the data communication is
carried out under the set values thus changed.

Explanation will be made next as to the operation of the
error number detector 3 for error correction by using on the

error correction code of the ECC field 304 of FIG. 3, while
referring to a block diagram of FIG. 4.

FIG. 4 shows a detailed structure of the error number
detector 3 in FIG. 2, which detector has an error correcting
section 3a and a correction judging section 3b.

The error correcting section 3a, when receiving the data

frame generated by the data frame generator 2, carries out
error correcting operations with use of the error correction

code set at the ECC field 304.

When the error correcting operation reveals that the
number of errors within the data frame 300 is within the
range of correction ability of the error correction code, the
error correcting section 3a informs the correction judging
section 35 of the corrected errors as the number of errors.

When the error correcting operation reveals that the
number of errors within the data frame 300 exceeds the
correction ability of the error correction code, the error
correcting section 3q informs the correction judging section
b of the effect that it is impossible to find the number of
eITOIS. |

‘The correction judging section 3%, when informed of the
number of errors by the emror correcting section 3a, stores
the informed number of errors into the error number buffer
4

When informed of the impossibility of finding the number
of errors by the error correcting section 3a, on the other
hand, the correction Judging section 3% issues a request o
the approximation calculator 7 to cause the calculator to
calculate an approximation of the number of errors.

Next, detailed explanation will be made as to the opera-
tion of the approximation calculator 7 for an approximation
of the number of errors in response to the request from the

error number detector 3, while referring to a block diagram
of FIG. 5.

Referring to FIG. S, the approximation calculator 7 is
made up of a parameter extractor 7¢ and a calculator 75.

The parameter extractor 7a, for the purpose of calculating
an approximation of the number of emrors, extracts the
immediately previous error rate on the communication line
stored in the error rate buffer 6, and the number of received

data (data frame length) of the data frame 300 from the
received data number buffer 8. The parameter extractor 7a

outputs the extracted error rate and the number of received
data on the communication line to the calculator 7b.

The calculator 7b calculates an approximation of the
number of errors on the basis of the error rate and the
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8

number of received data (data frame length) output from the
parameter extractor 7a.

Assuming that the communication line has an error rate p
and the number of received data (data frame length) is f bits,
then an approximation {expectation) Ne for occurrence of
the number of errors which exceeds the correction abilities
of n bits can be found in accordance with the following
equation.

Ne = £ k x (Pk/Pe)
k=n+1

where, Pk is a probability of k-bit error occurrence in a data
frame having f-bit frame length and is expressed as follows.

Pk=C;p* (1-pY™

and Pe i1s a probability of error occurrence of n+1 bits or
more in a data frame having f-bit frame length and is
expressed as follows.

n
Pe=1- X Pk
k=0

The calculator 75 stores the calculated approximation in
the error number buffer 4.

Referring to FIG. 6, the error rate buffer 6 for storing the
error rate comprises memories 1 and 2. The memory 1 stores
the immediately previous error rate on the communication
line, while the memory 2 stores the current error rate
calculated by the error rate calculator 5. That is, when the
error rate on the communication line is calculated by the
error rate calculator 5, the calculated error rate is stored in
the memory 2 while the error rate stored previously 2 is
stored in the memory 1 as the immediately-previous error
rate.

In the embodiment described above, the error rate on the
communication line is transmitted to the transmitting termi-
nal 100 through the radio circuit 25 and the data commu-
nication protocol circuit 12 of the transmitting terminal 100
changes the set values of parameters such as frame length
according to the received error rate.

Alternatively, it may be so arranged that the data com-

munication protocol circuit 22 of the receiving terminal 200

obtains the values of parameters including frame length
according to the error rate, and transmits the parameter
values to the transmitting terminal 100, and the data com-
munication protocol circuit 12 of the transmitting terminal
100 changes the set values of parameters including frame
length on the basis of the received parameter values.

As mentioned earlier, there are two types of data errors on
the communication line, that is, burst errors which generate
in a predetermined period and random errors which generate
regularly.

The prior art data communication system could not dis-
tinguish the burst and random errors from each other.
Therefore, the parameter values including data frame length
were changed by the burst error, and thus the optimum
parameter values could not be set.

FIG. 7 shows an example of data errors, in which symbol
“Q)” represents correct data and symbol “x” represents wrong
data.

More precisely, in FIG. 7, the data errors include random
errors R1, R2 and R3 which occur regularly and burst errors
B1 to B10 which occur continually in a fixed period of time.
In the illustrated example, since the burst errors B1 to B16
generate on a non-regular basis, when the parameter values
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including data frame length are changed while taking the
burst errors B1 to B190 into consideration, the optimum
parameter values cannot be set.

FIG. 8 shows another example of the data errors, in
which, as in FIG. 7, symbol “0” represents correct data and
symbol “X” represents wrong data. Also in this case, the data
errors include random errors R4 and RS which occur regu-
larly and burst errors B11 to B18 which occur more than a
certain number in a fixed period of time. When the parameter
values including data frame length are changed while taking

the burst errors B11 to B18 into consideration, the optimum
parameter values cannot be set.

In accordance with a second embodiment of the present
invention, the error number detector 3 Shown in FIG. 2

detects the burst and random errors distinctively.

FIG. 9 shows a flowchart for explaining an example of the

random error number detecting operation of the error num-
ber detector 3 in FIG. 2.

Incidentally, the burst errors generated on the communi-
cation line have the following properties 1) and 2).

1) Generate on a non-regular basis.

2) Generate continually or intensively in a predetermined
period of time.

By utilizing the burst error properties, in the operation of
the flowchart of FIG. 9, the system first finds a burst error
duration where burst errors take place, calculates the number
of errors, i.e., a burst error number within the burst emor
duration, and then finds a random error number by subtract-
ing the burst error number from a total error number.

More in detail, the system first examines the presence or
absence of an error in received data (step 411). In the
absence of any error (“NO” in the step 411), the system
returns to the start point of the step 411, whereas, in the
presence of an error (“YES” in the step 411), the system
examines whether or not the error continues by a predeter-
mined number j bits (step 412).

When the error does not continue by the j bits (“NO” in
the step 412), the system returns to the start point of the step
411.

When determining at the step 412 that the error continues
by j bit (*“YES” in the step 412), the system detects the error
as head of the continual burst errors, or the head of the burst
error duration (step 413).

In the burst error duration, the system examines whether
or not it is an error bit (step 414). If the bit is a data error
(“YES” in the step 414), the system returns to the start point
of the step 414.

When determining at the step 414 that the bit is not a data
error, 1.e., a correct data bit (“NO” in the step 414), the
system examine whether or not the cormrect data bit continues
by a predetermined number k bits (step 415).

When determining that the correct data bit does not
continue by the k bits (*“NO™ in the step 415), the system
returns to the start point of the step 414,

When determining that the correct data bit continues by
the k bits (“YES” in the step 415), the system judges the end
of the burst errors or the burst error duration (step 416).

Next, the system obtains the burst error duration on the
basis of the head burst error bit detected at the step 413 and

the tail burst error bit detected at the step 416, and calculates
a burst error number corresponding to the number of error
bits within the burst error duration (step 417).
Subsequently, the system calculates a random error num-
ber by subtracting the burst error number calculated at the
step 417 from a total error number separately calculated.
With such an arrangement, since an error rate can be
- calculated on the basis of the number of errors excluding the
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burst errors, the optimum parameter values can be changed
independently of the burst errors.

Although the parameter values for data of a frame struc-
ture transmitied from the transmitting terminal 100 have
been changed according to the error rate in the foregoing
embodiment, the parameter values for data of a frame
structure transmitted from the transmitting terminal 100 may
be changed as necessary according to the error rate detected
by the error number detector 3 of FIG. 2, for example,
according to the aforementioned random error number.

FIG. 10 shows a third embodiment of the present inven-
tion wherein the receiving terminal 200 detects a random
error number and transmits it to the transmitting terminal
100 to change the set parameter values of data of a frame
structure transmitted from the transmitting terminal 100.

In FIG. 10, when the receiving terminal 200 receives the

frame-structured data from the transmitting terminal 100,

the terminal 200 first calculates the number of errors (total
error number) including both of the burst and random errors.
(step 400). |

The receiving terminal 200 then calculates a burst error
number from the received data (step 401). Subsequently, the
terminal 200 calculates a random error number by subtract-
ing the burst error number calculated at the step 401 from the
total error number calculated at the step 400 (step 402).

Next, the receiving terminal 200 transmits the random
error number calculated at the step 402 to the transmitting
terminal 100 (step 403). The transmitting terminal 100,
when receiving the random error number, changes the
parameter values in an error control system during the data
communication to optimum values for the random errors on
the basis of the random error number (step 404).

Then, the data communication is resumed with the param-
eter values changed at the transmitting terminal 100.

FIG. 11 shows yet another embodiment of the present
invention wherein the aforementioned parameter values are

- found by the receiving terminal 200 and are informed to the
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transmitting terminal 100.

In FIG. 11, when receiving data of a frame structure from
the transmitting terminal 100, the receiving terminal 200
calculates the number of errors (total error number) includ-
ing both burst and random errors from the received data
(step 500).

The terminal 200 calculates a burst error number from the
received data (step 501), and then calculates a random error
number by subtracting the burst error number calculated at
the step 501 from. the total error number calculated at the
step 500 (step 502).

After this, the receiving terminal 200 finds parameter
values in the error control system during the data commu-
nication according to the random error number calculated at
the step 502 (step 503), and then transmits the parameter
values to the transmitting terminal 100 (step 504).

The transmitting terminal 100, when receiving the param-
eter values, changes the parameter values in the error control
system during the data communication to the found param-
eter values (step 505). Then, the data communication is
resumed with the parameter values changed at the transmit-
ting termunal.

Although the random error number is informed to the
transmitting terminal in the step 403 of the foregoing
embodiment of FIG. 10, the random error number may be
replaced by a value indicative of the similar meaning, e.g.,
by the error rate.

What is claimed is:

1. A data communication system comprising a transmit-
ting terminal for transmitting data of a frame structure, and
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a receiving terminal connected to the transmitting terminal
through a communication line, for receiving the frame-
structured data from the fransmitting terminal, the receiving
terminal comprising:

error number detection means for detecting the number of 3

data emrors from the frame-structured data received
from the transmitting terminal; and

error number estimation means for estimating the number
of data errors when the error number detection means
fails to detect the number of data errors, and
the transmitting terminal comprising:
parameter change means for changing parameters of the
frame-structured data on the basis of the detected
number of data errors when the error number detection
means detects the number of data errors or on the basis
of the number of data errors estitnated by the error
number estimation means when the error number detec-
tion means fails to detect the number of data errors.
2. A data communication system as set forth in claim 1,
wherein the communication line is radio communication
channels. |
3. A data communication system as set forth in claim 1,
wherein the error number estimation means estimates the
number of data errors on the basis of an error rate of data
previously received when the error number detection means
fails to detect the number of data errors.
4. A data communication system as set forth in claim 1,
wherein the error number estimation means comprises:

EITor rate memory means for storing an error rate of data
previously received; and

error number estimation means for estimating the number
of data errors on the basis of the error rate of the
previously-received data stored in the error rate
memory means when the error number detection means
fails to detect the number of data errors.
5. A data communication system as set forth in claim 1,
whereln the receiving terminal further comprises:

error rate calculation means for calculating an error rate
on the basis of the detected number of data errors when
the error number detection means detects the number of
data errors, and for calculating the data error rate on the
basis of the number of data errors estimated by the error
number estimation means when the error number detec-
tion means fails to detect the number of data errors; and

error rate transmission means for transmitting the data
error rate calculated by the error rate calculation means

to the transmitting terminal, and wherein

the parameter change means comprising means for chang-
ing parameters of data to be transmitted on the basis of
the error rate of the data transmitted from the error rate
transmission means.
6. A data communication system as set forth in claim 1,
wherein the receiving terminal further comprises:

error rate calculation means for calculating a data error
rate on the basis of the number of data errors when the
error number detection means detects the number of
data errors, and for calculating the data error rate on the
basis of the number of data errors estimated by the error

number estimation means when the error number detec-
tion means fails fo detect the number of data errors;

parameter calculation means for calculating parameter
values of data of the frame structure to be transmitted
from the transmitting terminal on the basis of the data
error rate calculated by the error rate calculation means;
and
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parameter transmission means for transmitting the param-
eter values calculated by the parameter calculation

means to the transmitting terminal, and wherein

the parameter change means comprises means for chang-
ing parameters of data to be transmitted from the
transmitting terminal on the basis of the parameter
values transmitted from the parameter transmission
means. |
7. A data communication system as set forth in claim 1,
wherein the error number detection means comprises ran-
dom error detection means for detecting the number of
random ermrors excluding burst errors from the frame-
structured data received from the transmitting terminal, and
wherein

the parameter change means comprises means for chang-
ing parameters of data of the frame structure to be
transmitted on the basis of the random error number

detected by the random error detection means.
8. A data communication system as set forth in claim 7,

wherein the random error detection means comprises:
total error number calculation means for calculating a
total error number from the frame-structured data
received from the transmitting terminal;

burst error calculation means for calculating the number
of burst errors from the frame-structured data received
from the transmitting terminal; and

random error calculation means for calculating the ran-
dom error number by subtracting the burst error num-
ber calculated by the burst error calculation means from
the total error number calculated by the total error
number calculation means.

9. A data communication system as set forth in claim 8,
wherein the burst error calculation means detects start of
burst error when a predetermined number of error bits are
successively detected in the frame-structured data received
from the transmitting terminal, detects end of the burst error
when a predetermined number of correct bits in the frame-
structured data successively detected, and determines the
number of error bits within a duration from the start of burst
error to the end of the burst error as the burst error number.

10. A data communication system comprising a transmit-
ting terminal for transmitting data of a frame structure, and
a receiving terminal connected to the transmitting terminal
through a communication line, for receiving the frame-
structured data from the transmitting terminal,

the receiving terminal comprising random error detection

means for detecting random errors excluding burst
errors from the frame-structure data received from the
transmitting terminal,

the transmitting terminal comprising parameter change

means for changing parameters of data of the frame
structure to be transmitted on the basis of the random
errors detected by the random error detection means of
the receiving terminal.

11. A data communication system as set forth in claim 10,
wherein the communication line is radio communication
channels. |

12. A data communication system as set forth in claim 10,
wherein the random error detection means comprises:

total error number calculation means for calculating a

total error number from the frame-structured data
received from the transmitting terminal;

burst emror calculation means for calculating the number

of burst errors from the frame-structured data received
from the transmitting terminal; and

random error calculation means for calculating the ran-
dom error number by subtracting the burst error num-
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ber calculated by the burst error calculation means from
the total error number calculated by the total error

number calculation means.

13. A data communication system as set forth in claim 12,
wherein the burst error calculation means detects start of
burst error when a predetermined number of error bits are
successively detected in the frame-structured data received
from the transmitting terminal, detects end of the burst error
when a predetermined number of correct bits in the frame-
structured data successively detected, and determines the
number of error bits within a duration from the start of burst
error o the end of the burst error as the burst error number.

14. A data communication system as set forth in claim 12,
wherein the receiving terminal further comprises burst error
number transmission means for transmitting the burst error
number calculated by the random error calculation means to
the transmitting terminal, and wherein

the parameter change means comprises:

burst error number reception means for receiving the burst
error number transmitted by the burst error number
transmission means;

parameter calculation means for calculating parameter
values of data of the frame structure transmitted from
the transmitting terminal on the basis of the burst error
number received by the burst error number reception
means; and

change means for changing parameters of the frame-
structured data transmitted by the transmitting terminal
on the basis of the parameter values calculated by the
parameter calculation means.
15. A data communication system as set forth in claim 12,
wherein the receiving terminal further comprises:

parameter calculation means for calculating parameter
values of data of the frame structure transmitted from
the transmitting terminal on the basis of the burst error
number calculated by the random error number calcu-
lation means; and |

parameter transmission means for transmitting the param-
cter values calculated by the parameter calculation
means to the transmitting terminal, and wherein

the parameter change means comprises means for chang-
ing the parameters of the frame-structured data trans-
mitted from the transmitting terminal on the basis of the
parameter values transmitted by the parameter trans-
mission means.

16. A data communication method in a data communica-
tion system for performing communication of data of a
frame structure between a first terminal of a data transmitter
side and a second terminal of a data receiver side through a
communication line, the method comprising, in the first
terminal, the steps of;

detecting the number of data errors in the frame-

structured data transmitted from the transmitting ter-
minal; and

estimating the number of data errors from an error rate of

data previously received when the number of data
errors is not detected, and

comprising, in the second terminal, the step of: |

changing parameters of data of the frame structure to be

transmitied on the basis of the detected number of data
errors when the number of data errors is detected by the
receiving second and on the basis of the estimated
number of data errors when the number of data errors
is not detected by the receiving second.

17. A data communication method in a data communica-
tion system for performing communication of data of a
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frame structure between a first terminal of a data transmitter
side and a second terminal of a data receiver side through a
communication line, the method comprising the steps of:
detecting a random error number by subtracting the
number of burst errors generated on a burst basis from
the total number of errors generated in the frame-
structured data transmitted from the first terminal to the
second terminal; and
changing parameters of the frame-structured data, in the

first terminal, on the basis of the random error number
detected at the second terminal.

18. A data communication apparatus for transmitting and
receiving data of a frame structure through a communication
line, comprising:

data reception means for receiving the frame-structured

data;

error number detection means for detecting the number of

data errors from the frame-structured data received by
the data reception means;

error number estimation means for estimating the number

of data errors when the error number detection means
fails to detect number of data errors; and
parameter change means for changing parameters of
the frame-structured data on the basis of the detected
number of data errors when the error number detec-
- tion means successfully detects the number of data
errors and on the basis of the number of data errors
estimated by the error number estimation means
when the error number detection means fails to
detect the number of data errors.

19. A data communication apparatus as set forth in claim
18, wherein the communication line is radio communication
channels.

20. A data communication apparatus as set forth in claim
18, wherein the error number estimation means estimates the
number of data errors on the basis of an error rate of data
previously received when the error number detection means
fails to detect the number of data errors.

21. A data communication apparatus as set forth in claim
18, wherein the error humber estimation means comprises:

error humber memory means for storing an error rate of
data previously received; and

error number estimation means for estimating the number
of data errors on the basis of the error rate of the
previously-received data stored in the error number
memory means when the error number detection means
fails to detect the number of data errors.

22. A data communication apparatus as set forth in claim

18, turther comprising:

error rate calculation means for calculating the data error
rate on the basis of the detected number of data errors
when the error number detection means detects the
number of data errors and for calculating the data error
rate on the basis of the number of data errors estimated
by the error number estimation means when the error
number detection means fails to detect the number of
data errors; and |

error rate transmission means for transmitting a data error
rate calculated by the error rate calculation means, and
wherein the parameter change means comprising
means for changing parameters of data to be transmit-
ted on the basis of the error rate of the data transmitted
from the error rate transmission means.

23. A data communication apparatus as set forth in claim

18, further comprising:

error rate calculation means for calculating a data error

rate on the basis of the detected number of data errors
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when the error number detection means detects the
number of data errors and for calculating the data error
rate on the basis of the number of data errors estimated
by the error number estimation means when the error
number detection means fails to detect the number of
data errors;

parameter calculation means for calculating parameter
values of the received data of the frame structure on the
basis of the data error rate calculated by the error rate
calculation means; and

parameter transmission means for transmitting the param-
eter values calculated by the parameter calculation
means, and wherein

the parameter change means comprises means for chang-
ing parameters of data to be transmitted from the

transmitting terminal on the basis of the parameter
values transmitted from the parameter transmission

means.
24. A data communication apparatus as set forth in claim

18, wherein the error number detection means comprises
random error detection means for detecting the number of

random errors excluding burst errors from the receive frame-
structured data, and wherein

the parameter change means comprises means for chang-
ing parameters of data of the frame structure to be
transmitted on the basis of the random error number
detected by the random error detection means.
25. A data communication apparatus as set forth in claim
24, wherein the random error detection means comprises:

total error number calculation means for calculating a
total error number from the received ﬁame—su'uctured

data;

burst error calculation means for calculating the number
of burst errors from the received frame-structured data;
and

random error calculation means for calculating the ran-
dom error number by subtracting the burst error num-
ber detected by the burst error calculation means from
the total error number calculated by the total error
number calculation means. |

26. A data communication apparatus as set forth in claim
2S5, wherein the burst error calculation means detects start of
burst error when a predetermined number of error bits are
successively detected in the received frame-structured data,
detects end of the burst error when a predetermined number
of correct bits in the received frame-structured data succes-
sively detected, and determines the number of error bits
within a duration from the start of burst error to the end of
the burst error as the burst error number.

27. A data communication apparatus for transmitting and
receiving data of a frame structure through a communication
line, comprising:

data receiving means for receiving the frame-structured

data; |

random error detection means for detecting random errors

excluding burst errors from the frame-structure data
received at the data receiving means; and

parameter change means for changing parameters of data
of the frame structure to be transmitted on the basis of
the random errors detected by the random error detec-
tion means.
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28. A data communication apparatus as sct forth in claim
27, wherein the communication line is radio communication
channels.

29. A data communication apparatus as set forth in claim

27, wherein the random error detection means comprises:

total error number calculation means for calculating a
total error number from the received frame-structured

data;
burst error calculation means for calculating the number
of burst errors from the received frame-structured data;

and

random error calculation means for calculating the ran-
dom error number by subtracting the burst error num-
ber detected by the burst error calculation means from
the total error number calculated by the total error
number calculation means.

30. A data communication apparatus as set forth in claim
29, wherein the burst error calculation means detects start of
burst error when a predetermined number of error bits are
successively detected in the received frame-structured data,
detects end of the burst error when a predetermined number
of correct bits in the received frame-structured data succes-
sively detected, and determines the number of error bits
within a duration from the start of burst error to the end of
the burst error as the burst error number.

31. A data commmunication apparatus as set forth in claim
29, further comprising burst error number transmission
means for transmitting the burst error number calculated by
the random error calculation means to a transmitting
terminal, and wherein the parameter change means com-
prises:

burst error number reception means for receiving the burst

error number transmitted by the burst error number
transmission means;

parameter calculation means for calculating parameter
values of the received data of the frame structure on the
basis of the burst error number received by the burst
error number reception means; and

change means for changing parameters of the received
frame-structured data on the basis of the parameter
values calculated by the parameter calculation means.

J2. A data communication apparatus as set forth in claim

29, further comprising:

parameter calculation means for calculating parameter
values of the received data of the frame structure on the
basis of the burst error number calculated by the
random error number calculation means; and

parameter transmission means for transmitting the param-
eter values calculated by the parameter calculation

means, and wherein

the parameter change means comprises means for chang-
ing the parameters of the received frame-structured
data on the basis of the parameter values transmitted by
the parameter transmission means.
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